Introduction
In a context of global warming and depletion of resources, practitioners and researchers tend to worry in an increasing way about the role of ICTs (Information and Communication Technologies) towards the environment. Indeed, if the technologies had remained exempt up to now from a reflection on their environmental impacts because of their "immaterial" presupposed character, they entered recently into the heart of the political debate and the professional concerns [1] , [2] , including professional associations (ADEME, CIGREF, SYNTEC, etc.) and websites (GreenIT.fr, ecoinfo.cnrs.fr…) which are dedicated to it. On the academic level, there are a growing number of publications proposed on this topic every year [3] [4] [5] [6] that give evidence of the scientific interest in this emergent problem. In October 2009, the CIGREF (Professional association of French companies and organizations from all sectors using information systems) published a report on "Ecoresponsible information systems" and especially "the use of ICT in the service of sustainable business." In this document, it identified three key issues for the future:
 "To ensure the accompanying change of users through awareness, training and education, in thinking about the ways to consume less and work differently;  To optimize the ICT sector, by developing technical and organizational innovation and eco-design, and creating eco-labels covering hardware, software and services benefits;  To exploit the potential of the ICT sector to help other sectors to develop sustainably, by rethinking their processes and their trades, and reduce their carbon footprint." [7, p. 2] These last two issues invite a dialectical reflection on one hand on the liability of the information system (IS) in the environmental problems [4] , [8] , [9] that organizations and society as a whole are currently facing and conversely on the possible contribution of the IS to the sustainability of ecosystems on the other hand [5] , [10] [11] [12] [13] [14] .
To reduce the impact of IT on the environment and put their IS in the service of the CSR policy, organizations should implement practices that contribute to the reduction of their energy consumption, extending the life cycle of their hardware (only real solution to limit the volume of WEEE), limiting the consumables (paper, ink cartridges, etc.), and creating new economic and ecologic opportunities (eco-innovation, smart building, supply chain optimization, among others) as shown in Table 1 . Table 1 . Sample of actions to reduce the environmental impact of IS organization.
So, as regards IS, the stake for every organization is to work towards "a responsible attitude, to question its way of functioning, its mode of consumption, and its relation to the computer object" [13, p.2] . To this end, it has to define new goals for action, new mechanisms of government and integrate new designs of IS. Also, it appears that governance is a key issue in the implementation of actions related to sustainable development (SD). Then the question arises to business executives, chief information officers (CIOs) and IT managers in particular, is "how to assess the ecoresponsibility of IS and its alignment with CSR policy?" Indeed, although there is a growing concern about this thematic in organizations, it still lacks, for the majority of them, a system of evaluation of the performances [15] . In this context, the objectives of this paper are twofold. Firstly, to expose the theoretical framework of the eco-responsible maturity of IS and of its governance. Secondly, and this is the main contribution of this paper, to propose an approach, based on an adaptation of the model of the Balanced Scorecard, which will enable companies to assess the eco-responsible maturity of IS and its governance. Derived steering model result of an engineering research approach led since October 2011 in partnership with a consulting firm specialized in "eco-responsible IS."
ICT life cycle phase Issues for organizations
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Theoretical Framework
Emergence of Responsible IS
The transformations engendered by the new ICT were numerous since their advent, which were of social, economic or systemic order. In particular, digital uses allowed abolishing the boundaries of space and time of action -individual or collectivethanks to the immediacy of the flows they generate contributing to the emergence of a network society [16] . Also, they gave rise to their subject to much speculation. So as underlined it Crozier and Friedberg [17, p.36 ], "we believed to see in the computer the technical instrument making possible self-management" before noticing that "without new organizational capacities, [it] is only an additional instrument of routinisation." Even of constraint if we refer to certain structurationist works in IS. Recently other "bad" assumptions were raised by Rodhain and Fallery [13] on the subject this time of their role in the environment. But this awareness is not limited to the environmental dimension of ICT, it corresponds to a more global reflection which questions the connection between IS and SD as evidenced by works as "ICTs and sustainable development" [18] and "Information system and sustainable development" [19] If the concept of SD is present in numerous works in strategic management [20] , [21] , its link with works in IS may seem surprising so much practices implemented in IS remain deeply antithetical, and at the very least antagonistic, with the principles of sustainability [13] , [22] [23] [24] .
Ethical reflection is however not new in IS since following the works of Foucault (in what is called the "last Foucault" under the three phases of reflection which we can identify as the philosopher's), authors such as Zuboff [25] were able to blame the technologies for their panoptic effect as far as they enable surveillance of people and even a certain control with regard to their "informing" effect. The words of the latter besides never had much echo than at time of unbridled development of the systems of video surveillance but also "smartphones" and all the applications and techniques of geo-localization they integrate.
However never until now has this reflection been pursued as far as this analysis by questioning simultaneously the economic, social and environmental dimensions. These three concerns corresponds to the "three pillars of sustainable development" that organizations have to manage to reconcile in their activities.
The connection of the concept of CSR with that of SD was concretized through the recent publication of the standard ISO 26000 that gives the following definition of CSR: the corporate social responsibility is the contribution of organizations to sustainable development [26] . Each organization must answer for its acts and in particular its environmental or social impacts and behave in full transparency by reporting its activities with its stakeholders and more broadly with the society.
"The organizational IS (or this part of the IS) dedicated to the data capture, collection, processing and dissemination of information related to CSR can be described as IS Responsible." [3, p.3] These new functions assigned to IS are not the only ones. Thus, Faucheux and al. [18] identified at least three typologies of ICT with regard to their contribution to SD, as shown in Table 2 . Table 2 . Typologies of ICT with regard to their contribution roles to sustainability. 
2.2
The Balanced Scorecard as a Suitable Sustainable Performance Measurement Approach "The balanced scorecard is a strategic management system that links performance measurement to strategy using a multidimensional set of financial and nonfinancial performance metrics." [27, p.2] This new approach was devised at the beginning of the 90s by Kaplan and Norton [28] [29] [30] in response to the hegemony of the financial indicators for the measurement of performance. It articulates in a same scheme the strategic vision of the firm with corporate goals and specific measures of performance within a set of four perspectives related to the cores values of the company: financial, customer, internal business processes and organizational learning and growth. This ability of BSC to interconnect several dimensions of performance and to integrate non-monetarized factors led some researchers and firms to view this strategic management system as a relevant approach to implement a sustainability strategy and to drive global performance. As Figge et al. [31, p.272] said, "such an approach to sustainability management aims at a simultaneous achievement of ecological, social and economic goals" and thus BSC makes it possible to overcome the traditional conflicts that can exist between these three performance dimensions.
In this perspective, several authors have studied "the process and steps of formulating a Sustainability Balanced Scorecard" [31, p.269] . Three main ways of implementation were identified:
1. The incorporation of social and environmental indicators in the existing set of measures of each perspective. These "sustainability key success factors" [27, p.7] deepen the performance measurement without changing the model structure. 2. The creation of a fifth sustainability perspective which seems to be suitable for firms who have identified this dimension as a strategic core aspect for its success. This introduction of a new perspective expands the model towards non markets aspects and communicates the importance of the sustainability strategy. 3. The "deduction of a derived environmental and social scorecard" [31, p.275 ]. This specific environmental and social scorecard represents an extension of the conventional BSC and aims to drive specifically the ecological and social metrics.
The various advantages of the BSC for the integration of sustainability management are listed in the Table 3 . However, despite arguments in favour of the use of the BSC approach to manage a sustainability strategy, some authors have reservations about the real effectiveness of this model. Thus, for Quairel [32] , SBSC can't be considered as a global performance management tool since it doesn't take into consideration the social and environmental performance not related to the economic performance. Moreover it seems that finally informed indicators are essentially monetary and conversely qualitative aspects are very weakly taken into account and the relations of cause and effects very little studied. Besides, Zingales and Hockerts [33] underlined the limits of the approach through the study of several case studies of companies integrating environmental and social issues in a BSC. In practice, they noticed a lack of alignment of environmental management with the BSC and a frequent misuse of the tool associated with measures rarely updated. They also suggested some hypothesis regarding the success factors of "the causal relationship between the Balanced Scorecard use and Sustainability" such as the presence of an "Environmental / Sustainability manager" [33, p.12] .
At present, concerning the appropriateness of BSC for IS management, some authors have already used BSC methodology to measure IT project success [34] , to "achieve IT-business strategic alignment" [35, p.173] or even more recently "to drive and check the performance of a green storage policy" [36, p.1].
Methodological Device
The assessment of the eco-responsible maturity of IS is an emergent phenomenon which is complex as it is "simultaneously multi-criteria, multi-actors, multi-rational, and evolutionary" [37, p.2]. In our knowledge, this academic study on the devising of an assessment tool of the eco-responsible maturity of IS is a first, at least in France. This favours the implementation of engineering research that comes within the scope of a constructivist epistemology. "Engineering research is similar in some ways to the action-research by the fact that it focuses on organizational change processes and that it involves the actors affected by the change in the approach of research. It differs however, in devising a new status of "scientist-engineer" that develops its research support tool, built it, and is both as organizer and appraiser of its implementation in organizations, contributing in doing so to the emergence of representations and new scientific knowledge. These scientific knowledge are procedural and not substantive in nature, and are intended to provide a guide to "organizational engineering", to build complex problems and drive processes." [37, p.1] Table 4 presents the main features of this engineering research. Use of additional information sources Scientific and professional literature on the subject, internal documents, interview with experts and interview with the CIO of user companies
The Elaboration of the Scorecard
We began the empirical study by modelling the actual knowledge of the consulting firm about the eco-responsible maturity of IS. They had already identified ten technical domains of assessment: data centre, waste, IT purchase, uses, CSR, governance, printing, tele-work and transport, work station and software, environmental management software. For each domain, they had defined several sub-domains, processes and sub-processes. This resulted in a complex system with an abundance of detailed information about many aspects but with no links between all these elements. As the various domains were not interconnected, we obtained a fragmented view of the maturity of IS towards sustainability. Consequently, there was a need to link performance measures and summarize these elements in global perspectives so "that managers be able to view performance in several areas simultaneously" [28, p.72] . So inspired by the BSC of Kaplan and Norton, we presented to the consulting firm a new approach to devise the tool, based on a vision by "perspective" instead of a division by "process" as they had previously proposed it. In the same logic, we assumed that behind the questions in the consulting firm's scorecard, it exists a vision of what is an IS eco-responsible and that this one could be translated into perspectives.
Thus, we defined four important perspectives and we classified the technical subdomains and sub-processes previously defined by the firm according to their pertaining to one or other of these perspectives. Afterwards, for each of one, we formulated four global objectives in connection with the technical sub-domains and subprocesses.
Then we established a representation, under the shape of a map of the four perspectives, of the wished scorecard by limiting the number of measures used and agreeing on a certain number of clusters to be made to simplify the current model and avoid any redundancy.
Finally, we assigned for each question and indicator up to two objectives. In this way, the achievement of one objective is measured through several questions and indicators but this objective belongs to only one perspective. Figure 2 gives a representation of the structure of the scorecard.
In conclusion, as for the BSC, we operationalized the vision of the eco-responsible IS through four perspectives which were then translated into four general goals. Finally the latter were associated with specific measures.
In the process of assessment conducted by the consulting firm to its clients, the aim is to measure the good fit between the values of indicators and questions found within the company with the objectives defined previously according what we defined as a mature responsible IS. 
Results
To define the four perspectives, we considered the ones existing in the BSC, those of the Skandia navigator and the three pillars of SD. These four dimensions are described below.
Economic Perspective: "What is Necessary to Bring to our Economic Stakeholders?"
The economic perspective gathers the imperatives of the "Financial" and "Customer" dimensions of the conventional BSC. Indeed, it takes into account, in the IS field, the economic issues as the search for a "competitive advantage (through factors such as corporate image, reputation and product differentiation)" [27, p.8] and the trade-offs between the conflicting interests of the different stakeholders.
On the financial aspect, the economic perspective incorporates indicators of costs savings, productivity gains, profitability and some key financial measures for the IT performance as the Return on Investment (ROI) or even the Total Cost of Ownership (TCO). It also comprised non-monetary performance indicators such as legitimacy or reputation.
On the customer dimension, the economic perspective is concerned with striving to meet their needs and with all the objectives of a commercial policy. It reflects how IS contributes to the customer value creation. It also questions the implication of the considered company in the civil society and the role played by IS in this perspective.
Finally, this dimension evaluates the management of IT purchases and particularly the regulatory compliance, the policy management of the suppliers and the integration of Eco-labels criteria in the requests for proposal.
Human Perspective: "How to Leverage the Human Capital?"
This perspective does not really exist as it is in the model of Kaplan and Norton, so we draw our inspiration both from the social pillar of SD and from the Skandia Navigator devised by Leif Edvinsson and Michael Malone in 1997 [38] . This scorecard differs from the BSC of Kaplan and Norton by adding a fifth Human perspective which is placed at the heart of the approach. It includes knowledge, experience, and competencies. In this way, it is close to the "Learning and growth" perspective of the BSC which takes into account "qualification, motivation and goal orientation of employees" [31, p.271] .
In our conception, the Human perspective integrates the human capital valorisation i.e. the consideration of the individual with its organizational knowledge.
The main areas considered in this dimension were the management of training, competences, work tools, work place and transport, uses, behaviours and eco-friendly gesture.
Environmental Perspective: "How to Preserve the Environment?"
The environmental Perspective includes all actions contributing to the preservation of the environment. These latter ones can be divided into three main categories which represent the main phases of IT life-cycle: conception, use and end-of-life. We find in these areas preoccupations about the resources and raw material management, energy consumption, GHG emissions, WEEE management and consumable management.
There is another area in this perspective which does not concern the IT footprint on the environment but its potential of contribution to SD and particularly to the CSR policy of the firm.
4.4
Management System Perspective: "How to Drive Change and Continuous Improvement?"
The Management System Perspective covers some goals of the previous dimensions of "Internal Business Processes" and "Learning and growth" perspectives. It aims to evaluate "how well a company performs on key internal dimensions" [27, p.2] . It integrates measures on the three categories of performance simultaneously through evaluation areas which are Energy Consumption, Carbone Footprint, IT Purchases, Transport, Shareholders' Expectations, Compliance Regulatory, among others.
This perspective also "describes the infrastructure necessary for the achievement of the objectives of the other three perspectives" [31, p.271] and in particular it defines the organization and decision system. It is concerned with the elaboration of an IS eco-responsible charter which aims to disseminate values and good practices throughout the company. This perspective incorporates issues about support change and continuous improvement in the other three perspectives. It is therefore a transversal dimension.
Conclusion
The ICT are not the immaterial devices we imagine them to be. They consume resources and generate abundant e-waste. It is only with the massive distribution of these technologies -as an example, the number of computers should reach 2 billion before 2014 [39] -that we became aware of all the negative externalities engendered by the production, the uses and the end of life of these products [4] , [8] . But conversely, ICT can reduce emissions and thus contribute to sustainability in others sectors. Within firms, IS can be put at the service of CSR policy. The assessment of the maturity of the eco-responsibility of IS makes it possible to measure how IS performs in the ecological, social and economic perspectives. Evaluate the impact of IS on the environment and its contribution to sustainability represents a major stake for CIO. In this paper, we wanted to expose the theoretical framework of the measurement of the eco-responsible maturity of IS and shown that this thematic originates from the interconnection with the concepts of SD and CSR in the field of IS. We saw that although the ethical reflection is not new in IS, it has never encompassed such variety of subjects simultaneously. Then we demonstrated that the logic of the BSC methodology could be relevant to formulate a measurement system of sustainability strategy even if some limits and conditions of success can be identified.
As there was a need for a measurement system of the maturity of the ecoresponsible IS, we devised a scorecard derived from the BSC in an engineering research approach.
The major interest of this tool is not to provide an exact measure of the ecoresponsibility of IS but to give a sense of responsibility to actors and to lead them to reflect on this subject in order to change their practices in a conscious way. Kaplan and Norton also emphasize that "the balanced scorecard should be used as a communication, informing, and learning system, not as a controlling system." [29, p.25] This scorecard enables one to give visibility to the actions carried out at the level of the IS and to provide consistency with the practices of CSR. Like this, it represents a tool for dialogue between DSI and Directions: "Through using a causal chain analysis to link performance metrics to business value and strategic objectives, managers have a tool to communicate the business value of sustainability actions to the CEO and CFO of the organization, to help justify resource allocations to EH&S initiatives, and to tell the story of sustainability in business language." [27, p.10] This study could be extended using this model in different organizational contexts.
Like this, we could analyze (1) the transformations of actors' representations with the implementation of the tool and (2) the efficiency of the tool in helping to identify actions plans to improve the maturity of the eco-responsibility of IS.
